Abstract Prognostic factors for ampullary carcinomas (ACs) are poorly defined. Fifty three resected ACs were analyzed for CDX2, MUC1, MUC5AC, MUC6, MUC2, and for mismatch repair proteins (hMLH1, hMSH2, PMS2, hMSH6) using immunohistochemistry. Microsatellite instability (MSI) status was evaluated by fluorescently labeled PCR using an automated sequencer. Univariate and multivariate analysis was performed for clinicopathological, immunohistochemical and molecular parameters. CDX2 was found in 32 out of 53 (60%) ACs with a significantly higher frequency among intestinal ACs compared with biliopancreatic (BP) ACs. The MUC1, MUC5AC, MUC6, MUC2 apomucins were expressed in 75, 43, 39, and 28% of ACs, respectively, with a significantly higher coexpression of MUC1/MUC5AC in BP ACs. MSI and loss of expression of hMLH1/PMS2 or hMSH2/hMSH6 proteins were observed only in intestinal ACs. Factors significantly correlated with improved survival in the univariate analysis were: low stage, absence of lymph nodes metastases, negative surgical margins (R0 status), and presence of MSI. In the multivariate analysis, stage was the only independent prognostic factor of survival. We conclude that stage is the only independent prognostic factor of survival in the multivariate analysis, whereas histological criteria and the immunohistochemical expression of apomucins and CDX2 are helpful in the classification and understanding of the histogenesis of ACs.
Introduction
There are different histological classifications of ampullary carcinomas (ACs) which [2, 3, 20] makes comparison of clinical, therapeutic, and prognostic studies of these tumors difficult. So far, two major histological types of these tumors have been recognized: an intestinal type, arising from intestinal mucosa of the papilla, and a biliopancreatic (BP) type, deriving from the BP ductal epithelium. Nevertheless, conflicting data have been reported about the frequency of these two histological types due to the absence of reliable and consistent histomorphological criteria for differential diagnosis [2, 20, 31] . As patients with intestinal-type ampullary ACs have been reported to have a significantly better prognosis than patients with BP-type ACs [2, 20] , the clear differentiation between the two tumor types would have clinical implications.
Although immunohistochemistry has had only limited value to date in unequivocally differentiating BP ACs from intestinal-type ACs, several authors have suggested that knowledge of CDX2 and apomucin expression may be useful for this purpose and may have a prognostic value [10, 12, 16, 18, 21, 23, 26, 31] . In particular, adenocarcinomas of the ampulla of Vater show positive reactivity for MUC1, MUC2, MUC5AC, and MUC6 [16] , and some authors suggested that the prognosis of AC is worse with stronger staining for MUC1 and weaker staining for MUC2 [21, 26] .
Human CDX2 is a homeobox gene encoding for an intestine-specific transcription factor [7, 14] . The CDX2 protein regulates normal development and differentiation of the small and large intestine and is expressed in the nuclei of epithelial cells throughout the intestinal tract both in embryonic and in postnatal life. Some authors have suggested that the immunohistochemical analysis of CDX2 expression may be a useful marker for identifying intestinaltype carcinomas with a sensitivity and specificity higher than 90% [5, 30] . In particular, very recently, Hansel et al. [18] reported that CDX2 expression may identify intestinal-type ACs with a favourable prognostic outcome.
Finally, few studies assessed the role of DNA mismatch repair (MMR) in ACs, and discrepant data are available about the frequency of a widespread microsatellite instability (MSI) in these cancers [1, 25, 27] . To date, the largest series of ACs was investigated for MSI status by Scarpa et al. [27] demonstrating the occurrence of MSI in 15% of cases as well as a significant correlation between MSI and a better 5 year survival in these patients compared with the remaining cases.
The aim of this investigation was to evaluate in a large series of ampullary cancers the prognostic value of clinicopathological, immunohistochemical, and molecular parameters such as location, histology, and stage of tumors, MSI status as well as the immunohistochemical expression of the MUC1, MUC2, MUC5AC, MUC6 apomucins and CDX2 protein.
Materials and methods

Histological and immunohistochemical study
Fifty-three cases of surgically resected primary carcinomas of the ampulla of Vater (ACs) were retrieved from the surgical pathology files at the Department of Pathology (University of Insubria, Varese, Italy) and the Ospedale di Circolo (Busto Arsizio, Varese, Italy). The selection of the cases was based on the availability of sufficient tumor samples for histopathological, immunohistochemical, and molecular analysis. Moreover, only patients harboring sporadic tumors were eligible for the study (two cases of ampullary cancers were excluded because of their association with familial adenomatous polyposis and with hereditary nonpolyposis colorectal cancer syndrome, respectively).
The ethical consent of each patient was collected according with the rules of the local ethical committee.
Formalin-fixed and paraffin-embedded tissue sections were stained with hematoxylin and eosin (H&E) and Alcian Blue periodic acid Schiff stain (AB-PAS). The slides were reviewed to confirm the diagnosis according to the WHO classification (2001) and to study the extension of the neoplastic disease [17] . In each tumor, we considered both the main histological pattern (intestinal or BP) and a second or a third pattern when present in more than 10% of neoplastic tissue according to the criteria reported by Albores-Saavedra et al. [2] . The macroscopic classification as described by Cubilla and Fitzgerald [11] was used to distinguish the tumors as periampullary (PA), intra-ampullary (IA), and mixed types (MT). Follow-up data were collected by contacting clinicians and/or by consulting the Tumor Registry of the Lombardy region (Italy).
Immunoperoxidase studies were performed on sections prepared from formalin-fixed and paraffin-embedded specimens that were dewaxed and rehydrated using Bio-clear (Bio-Optica, Milan, Italy) and graded alcohols. Endogenous peroxidase was blocked by dipping sections in 3% aqueous hydrogen peroxide for 10′ and antigen retrieval was performed with 10′ microwave treatment in 10-mM citrate buffer, pH 6. The immunostaining was performed with the avidin-biotin-peroxidase complex technique using diaminobenzidine as a chromogen. The sections were incubated overnight at 4°C with mouse monoclonal antibodies against full-length hMLH1 protein (G168-15, PharMingen, San Diego, CA) at 1:100 dilution; carboxy-terminal fragment of hMSH2 protein (FE11, Oncogene Research Products, Cambridge, MA) at 1:200 dilution; hMSH6 protein (44, BD Transduction Laboratories, Europe) at 1:200 dilution; PMS2 (A16-4, BD Biosciences, Europe) at 1:200 dilution. Sections were lightly counterstained with hematoxylin. The normal staining pattern for hMLH1, hMSH2, hMSH6, and PMS2 was nuclear, and a case was considered positive only in the presence of nuclear staining of neoplastic cells. A case was considered negative for expression of hMLH1, hMSH2, hMSH6, and PMS2 when there was a complete absence of nuclear staining of neoplastic cells in the presence of an unquestionable internal positive control, represented by normal epithelial cells, stromal cells, muscle cells, or lymphocytes [8] .
Immunoreactive intraepithelial lymphocytes were detected by using a mouse monoclonal antibody anti-CD3 (Biogenex, San Ramon, CA, USA) at 1:100 dilution.
The immunohistochemical study of intestinal transcriptional factor CDX2 was done with monoclonal antibody CDX2-88 (Biogenex) raised against a full-length CDX2 recombinant protein at 1:100 dilution.
Apomucins were studied using mouse monoclonal antibodies against MUC1 glycoprotein (MA695, Novacastra Lab., Newcastle, UK) at 1:100 dilution, MUC2 glycoprotein (CCP58, Novacastra Lab) at 1:200 dilution, MUC5AC glycoprotein (CLH2, Novacastra Lab) at 1:100 dilution, and MUC6 glycoprotein (CLH5, Novacastra Lab) at 1:100 dilution.
All immunostaining results were evaluated according to the percentage of immunopositive tumor cells ranging from less than 10% of positive cells (+), between 10 and 50% of positive cells (++) and more than 50% of positive neoplastic cells (+++). Cases with no immunoreactive cells were indicated as negative (−).
DNA extraction and microsatellite analysis
The MSI status of all 53 ampullary cancers was determined. Tumor DNA was extracted from archival paraffin-embedded tissues using DNeasy Tissue kit (Qiagen, Hilden, Germany) after a manual microdissection to enrich the neoplastic cellularity of at least 80% in all tumor samples [15] . MSI status was assessed by a fluorescent pentaplex PCR of five quasi-monomorphic mononucleotide repeats (Bat-26, Bat-25, NR-21, NR-22, NR-24) according to the amplification conditions reported by Suraweera et al. [28] . The fluorescently labeled PCR products were electrophoresed on an Applied Biosystems 310 automated DNA sequencer (Applied Biosystems, Milan, Italy). This panel of quasi-monomorphic mononucleotide markers can identify the MSI status of tumors without the need for matching normal DNA. However, the size of all PCR products from tumor DNA were always aligned with normal-sized alleles from a germline DNA sample. A tumor was classified as MSI when allelic size variations were observed in ≥3 out of five markers and as MSS when allelic size variations were observed in ≤2 out of the five markers.
Statistical analysis
The statistical analysis was performed using Fisher's exact test and the χ 2 test with Yates' correction (SPSS 7.5 software). The survival analysis was performed by employing the Kaplan-Meier product limit estimate of probability of survival against time, producing a product limit survival curve for each of the following variables: tumor size, macroscopic localization, histological type, grade, stage, presence of lymph node metastases, immunohistochemical expression of CDX2, MUC1, MUC2, MUC5AC, MUC6, and MSI status.
Multivariate analysis was carried out using the Cox proportional hazard model. Variables with p<0.15 in the univariate analysis were entered into the multivariate analysis.
For all the survival analyses, the Survan XL program, version 1.14 (copyright© 1995-1997), was employed.
Results
Histopathological study
The series of patients with ACs included 30 men and 23 women with a mean age at diagnosis of 65.8 years (range 44-82 years). The comprehensive results of the clinicopathological and immunohistochemical study of these tumors are reported in Tables 1 and 2 (Fig. 1) . A second histological pattern (intestinal or mucinous) was detected in eight cases (26.6%) staining was found in 18 of 33 (54.5%) moderately differentiated and, in 13 of 20 (65%), poorly differentiated adenocarcinomas, but no significant correlation was observed.
The MUC1, MUC2, MUC5AC, MUC6 apomucins appeared to be expressed in 75, 43, 39, and 28% of ACs, respectively. A significantly higher frequency of MUC1 and MUC5AC expression was detected in BP than in intestinal ACs (p<0.0001 and p<0.05, respectively, for the two antibodies), whereas a significantly higher percentage of positive cases for MUC2 was found among intestinal ACs compared with BP ACs (p<0.023). Moreover, a higher frequency of MUC1 immunoreactivity was detected in the IA cancers (86% of tumors) than in PA and MT ACs (63 and 42% of tumors, respectively). No other significant correlations were detected between the immunostaining results for the apomucins and macroscopic classification, histological type, or grading of ACs. MUC6 was rarely expressed in the ACs included in this study, and positive cases showed a focal immunoreactivity. MSI was observed in five out of 53 ampullary ACs (9.5%) showing allelic size variations in at least three of the five mononucleotide markers (Tables 1 and 3 ). The remaining tumors were classified as MSS, exhibiting an absence of MSI in all markers or the presence of allelic size variations at two loci (case N°6 in Table 3 ) or at one locus (cases N°7 and N°8 in Table 3 ). All five MSI tumors were intestinaltype ACs showing a mucinous component in two cases, a medullary component in two cases and a rich lymphoid infiltrate around the tumor in one case (Fig. 1) . Moreover, all five MSI tumors showed a CDX2 immunoreactivity and a variable pattern of immunohistochemical expression of apomucins (Table 1) .
To corroborate the MSI data, all eight ACs showing allelic size variations in at least one locus were analyzed for hMLH1, hMSH2, hMSH6, and PMS2 immunostaining (Table 3 ). All the five MSI ACs showed lack of the immunohistochemical expression of hMLH1/PMS2 proteins (cases 1 and 2) or of hMSH2/hMSH6 proteins (cases 3, 4, 5). By contrast, the three cases classified as MSS displayed an intense nuclear immunoreactivity for all MMR proteins. Figure 2 shows an example of the histological, immunohistochemical, and molecular profile of an AC with MSI.
Survival analysis
Follow-up data were available for 52 of the 53 patients with ACs. Nine patients were excluded from the survival analysis because they died within the first 60 days after tumor resection. Twenty-nine patients (67% of cases) died of disease after a median time of 24.8 months (range: 4-80), whereas 14 patients (33% of cases) are still alive after a median follow-up time of 71.2 months (range: 8-138).
Factors influencing survival in the univariate analysis were (Fig. 3) : tumor stage (median survival >49 months for T1-T2 vs 7 months for T3-T4, p<0.001), lymph node metastases (median survival >52 months for lymph node negative tumors vs 20 months for lymph node positive tumors, p= 0.0017), R status (median survival >31 months for complete tumor resection with grossly and microscopically negative margins vs 20 months for grossly negative but microscopically positive margins of resections), and presence of MSI (all patients with MSI tumors were alive with no evidence of disease after a median follow-up time of 69 months, p= 0.019). Although the results were not statistically significant, a longer survival was correlated with the immunohistochemical expression of CDX2, using a nuclear labeling cut-off of >10% cells (p=0.14) as well as with an intestinal type of AC (p=0.08). No correlation with survival was observed even when considering different cut-offs for CDX2, including ≥25, 30, 40, and 50% nuclear labeling. Finally, no other correlation was observed between patient outcome and clinicopathological parameters including macroscopic localization, size, and grade of the tumor.
A multivariate analysis was performed using the Cox proportional hazard model for all variables which were significant or near to statistical significance in the univariate analysis, and only stage was an independent prognostic factor ( Table 4 ).
Discussion
ACs demonstrate a wide spectrum of biological behavior that probably reflects their different histogenesis, arising from one of the three types of epithelium that converge at this site (duodenal mucosa, pancreatic ductal epithelium, and biliary ductal epithelium). Currently, conflicting data have been reported about the frequency of the two major histological types of ACs (intestinal and BP type) due to the absence of reliable histomorphological or immunohistochemical markers for differential diagnosis [2, 20, 31] . Very recently, Hansel et al. [18] examined a large series of ACs demonstrating that CDX2 expression alone may identify intestinal-type tumors with good prognosis, suggesting that it may be used as an independent marker of outcome at this site.
In this work we evaluated the correlation between the histomorphological classification and the immunohisto- (Table 1) . Intriguingly, a significantly higher percentage of CDX2 immunoreactive cases was observed among PA and MT ACs compared with IA ACs (p=0.028) in line with the possible origin of these cancers in duodenal mucosa.
As regards the prognostic role of CDX2 expression, our results are in contrast with previously reported data by Hansel et al. [18] showing that CDX2 expression in ACs was the only independent predictor of survival in the multivariate analysis of their AC cases. In the present work, although CDX2 expression showed a trend towards a longer survival in the univariate analysis, no significant prognostic role as an independent marker was demonstrated for this variable in the multivariate analysis.
The univariate analysis showed that, microscopically positive margins of resection (R1), advanced clinical stages, and lymph node metastases were significantly related to a shorter survival, whereas the presence of MSI was a marker of a better outcome. In the multivariate analysis, stage group remained the only significant and independent prognostic factor of survival, as reported in other studies [4, 22, 24] .
A widespread MSI as well as loss of the immunohistochemical expression of hMLH1/PMS2 or hMSH2/hMSH6 proteins were observed in five ACs (9.5% of all cases, 22% of the intestinal ACs). All MSI ACs were of an intestinal type, and half were associated with a mucinous or with a medullary component. In one case, a rich lymphoid infiltrate around the tumor was observed. In addition, all MSI ACs were intensely CDX2-positive. This histopathological and immunohistochemical profile appears to be similar to that of gastric and colorectal MSI cancers [6, 9, 13, 19] and confirms the notion that MSI is a peculiar feature of a consistent percentage of intestinal-type ACs [27] . Until now, few and controversial data have been reported about the frequency of a MSI in ACs [1, 25, 29] probably due to different criteria for tumor selection, including cases of not unequivocally ampullary origin and ACs of different types. Our results regarding MSI ACs are comparable with those reported by Achille et al. [1] that indicated a 20% rate of MSI ACs in a series of 25 cases and reported a significant association between MSI and longer patient survival in the univariate analysis.
Finally, differences in the mucin distribution between BP and intestinal ACs were observed. The coexpression of MUC1 and MUC5AC appears to be a peculiar feature of BP ACs, whereas a strong production of MUC2 is associated with an intestinal histology and a CDX-2 positive immunophenotype. These data are consistent with the findings reported by Chu et al. [10] and suggest that the two main immunoprofiles mentioned above are helpful in the differential diagnosis between intestinal and BP types of ACs. However, the composite pattern of apomucin expression often observed in ACs does not allow a clear-cut classification of the two major histological types and suggests only an ancillary use of apomucins in this differential diagnosis. Furthermore, no significant correlation between mucin immunoprofile and survival was observed. Similar results have been reported by using other immunohistochemical markers such as cytokeratin 7 and cytokeratin 20 [10, 31] .
In conclusion, this study shows a comprehensive analysis of the main clinicopathological, immunohistochemical, and molecular parameters suggested to have an impact on survival of patients with ACs and proves that a precise stage assessment remains the only independent predictor of survival. The extent of resection appears to be prognostically of great significance, although it is not part of the TNM staging as well as negative lymph nodes, and presence of MSI are significantly correlated with improved outcome for the patients.
Although precise histological criteria and the immunohistochemical expression of apomucines and CDX2 are helpful in the classification of the two major histological types of ACs, no significant correlation between intestinal profiles and improved survival is observed.
